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Isolates of bovine viral diarrhea virus (BVDV) were segregated into two groups based on comparison of sequences from
the B’ untranslated region (UTH) of the viral genome. Phylogenic analysis suggested that these groups, termed BVDV | and
BVDV I, are as different from each other as reference BVDV {BVYDV-NADL, BVDV-SD-1, BVDV-Osloss) are from hog cholera
virus. Polymerase chain reaction {PCR) tests, based on the 6’ untranslated region and the genomic region coding for the
p125 polypeptide, were designed to differentiate between BVDV | and BVDV Il. Using these tests, 76 of 140 isolates of
BVDV were identified as BVDV Il. Antigenic and pathologic differences were noted between BVDV | and BVDV ) viruses.
Among BVDV | were viruses commonly used in vaccine production, diagnostic tests, and research. BYDV Il was isolated
predominantly from fetal bovine sera, persistently infected calves born to dams vaccinated against BVDV, and cattle that
had died from an acute form of BVDV termed hemorrhagic syndrome.

INTRODUCTION

Bovine viral diarrhea virus (BVDVY) is a ubiquitous
pathogen of cattle. Along with hog cholera virus (HCV)
of swine and border disease virus (BDV} of sheep, BVDY
is classified as a member virus of the genus Pestivirus
in the family Flaviviridae {Wengler, 1991). Pestiviruses
have a single strand of positive-sense RNA that is ap-
proximately 12,6 kb in length and contains one large
open reading frame {ORF) {Collett et &/, 1988). The large
ORF is preceded by a 361- to 386-base untranslated
region {UTR) {Collett et a/, 1988; Meyer et al,, 198%; Moor-
mann et al, 1980, Deng and Brock, 1992). Because the
5" UTR is highly conserved among pestivirus species, it
has been proposed that sequences from this region can
be used to differentiate among the member viruses {Boye
et al, 1891; Berry et al,, 1992; Qi &t al, 1992; De Moer-
looze ef al, 1993; Ridpath et a/, 1993). Another member
of the family Flaviviridae, hepatitis C virus, has a genomic
organization that is similar to pestiviruses. There is se-
quence similarity between pestiviruses and hepatitis C
virus in the b* UTR (Choo et af, 1991), tsolates of hepatitis
C virus have been divided into genotypes based on com-
parison of sequences in the 5" UTR (Bukh et al, 1992;
Cha et a/, 1892; Simmonds ef a/, 1993).

Serologic subgroups of BVDV are not recognized, but
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several reports document significant genomic and anti-
genic heterogeneity among BVDV. Nucleic acid hybrid-
ization analysis of BVDV isolates has detected differ-
ences of 40% among viral isolates in select regions of the
genome (Ridpath and Bolin, 1991b). Antigenic variation
among BVDV isolates has been detected using poly-
clonal and monoclonal antibodies (Hafez and Liess,
1972; itoh et al, 1984; Howard et af, 1987, Bolin, 1988;
Bolin et &/, 1988, 1991a; Shimizu et a/, 1989; Ridpath and
Bolin, 1991a}. This heterogeneity among BVDV isolates is
likely responsible for the failure of both serologic- and
genomic-based diagnostic reagents to detect all isolates
of BVDV {Heuschele, 1975; Boye et al, 1931; Hertig ef
al, 1991; Kwang et a/, 1991; Lewis et a/, 1991; Ward
and Misra, 1991). Further, isolation of BVD strains that
escape neutralization by vaccine-induced antibody sug-
gests that antigenic vartation may contribute to vaccine
failure {Bolin et a/, 1991a).

In this study, we characterized isolates of BVDV using
genomic criteria. Phylogenic analysis, based on se-
quences from the 5’ UTR, segregated BVDV isolates into
distinct subgroups. Antigenic and pathologic differences,
noted between these subgroups, may have practical sig-
nificance in vivo.

MATERIALS AND METHODS
Materials

Restriction enzymes and modifying enzymes were %
tained from Boehringer Mannheim (Indianapolis, IN) ant
BRL {Gaithersburg, MD}. Custom polymerase chain reac-
tion (PCR) primers were synthesized by IDT, tnc. (Cor-
alville, 1A). Vector systems were purchased from In-
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vitrogen, Corp. (San Diego, CA). Automated sequencing
kits were obtained from Applied Biosystems (Foster City,
CA} and E. I. Du Pont De Nemours & Co. {Boston, MA).
Reagents for agarose and polyacrylamide gel electro-
phoresis {PAGE) and phenol/chloroform solutions were
purchased from Amresco (Solon, OH}. Minicolumns and
microconcentrators used to partially purify sequencing
templates were obtained from Qiagen, Inc. (Catsworth,
CA) and Amicon, inc. {Beverly, MA), respectively. Radio-
active compounds were purchased from ICN (Costa
Mesa, CA).

Viral isolates

The BVDV isolates {n = 140) analyzed here originated
in either the United States or Canada and were isolated
between 1960 and 1993. They represented laboratory
reference strains, vaccine strains, and field strains iso-
lated from diseased cattle or from fetal bovine serum.
All BVDV were biologically cloned by serial passage at
limiting dilution. Bovine turbinate {BT) cells were used to
propagate BVDV. The fetal bovine serum used {0 supple-
ment cell culture medium was tested and found to be
free of adventitious BVDV and antibodies against BVDV
{Balin et &/, 1991b).

Genomic comparison of BVDV

For genomic comparison of BVDV isolates, portions of
the viral genome were amplified by PCR and sequenced.
PCR primers were selected based on conservation be-
tween published sequences of BVDV and HCV {Coliett
et al, 1988, Mever et al, 1989; Mcormann et al, 1990;
Deng and Brock, 1992). Primers were designed using
the Primer 2 program (Scientific and Educational Soft-
ware, State Line, PA). Sequence comparison and phylo-
genic analysis were performed using the Align Plus soft-
ware program {Scientific and Educational Software, State
Line, PA) and the GeneWorks software package (Intelli-
genetics Inc., Mountain View, CA). To generate viral tem-
plate, total RNA from BVDV-infecied BT cells was pre-
pared by acid guandinium thiocyanate/phencl/chloro-
form extraction (Chomczynski and Sacchi, 1993) as
adapted for tissue culture cells (Kingston ef af, 1993).
This procedure was modified by using 5/1 phenal/chloro-
form {pH 4.7} instead of water-saturated phenol. RNA
was harvested from BT cells 14 to 24 hr after infection
with cytopathic BVDV or 48 hr after infection with noncy-
topathic BVDV. For sequence analysis, a 2-ug aliquot of
RNA was heated to 90°C for 5 min. To this aliquot was
added the RT/first-round PCR reaction mixture [2.5 units
Tag DNA polymerase, 50 units MLV-reverse tran-
scriptase, 200 units RNase inhibitor, 50 mAf KCI, 10 mAf
Tris—HCI {pH 8.3), 0.2 mM each in dATP, dCTP, dGTP,
and dTTP, 1.5 mM MQgCl, 0.1% Triton-X 100, and 100 pM
forward and reverse primers in a 100-ul volume].

When applicable, second-round PCR reactions were

TABLE 1

PRIMER SEQUENCES AND PCR REacTiON CONDITIONS

Equivalent
position in
Primer set BvDv-NADL
A (First-round PCR primers)
Forward gta gic gtc agt ggt teg 188
Reverse gcc atg tac age aga gat 366
B (Second-round PCR primars)
Forward cga cac tcc att agt tga gg 191
Reverse gtc cat aac gec acg aat ag 296
C
Forward gca gic aca ata gga gag 6802
Reverse tgt aga gtg ctg tgt gag 7869
RT reaction PCR reaction {1st round)
1 cycle: 56°C, 1 hr 25 cycles: 94°C, 10 sec
94°C, 4 min

or
45°C (Primer set C)
72°C, 45 sec
1 gycle: 72°C, 10 min
PCR reaction {2nd round)
25 cycles: 94°C, 10 sec
50°C, 30 sec
72°C, 30 sec
1 cycle: 72°C, 10 min

80°C (Primer set A)
}45 sec

performed as follows. A 15-ul aliquot of first-round ampli-
con was electrophoresed in 1.0% low-meiting-point aga-
rose gel and stained with ethidium bromide. A plug was
taken fram the amplicon band in the electrephoresis gel
using a sterile cotton-plugged pipette tip. The plug was
expelied into & ul sterile distilled water and added 10
the second-round reaction mixture [2.5 units Tag DNA
polymerase, 50 mAM KCI, 10 mM Tris—HCI (pH 8.3), 0.2
mM each in dATP, dCTP, dGTP, and dTTP, 1.5 mM MgCl,
0.1% Triton-X 100, and 100 pM each of second-round
PCR primers] te a final volume of 100 gl. Reaction condi-
tions and primer sequences are shown in Table 1. Iden-
tity of ampticens was confirmed by nucleic acid hybrid-
ization (Ridpath and Bolin, 1991a).

For the first 20 isolates sequenced, amplicons were
clened into a bacterial vector system and subsequently
seguenced. At least three different plasmids were se-
quenced for each amplicon that was cloned into a bacte-
rial vector. Three viral sequences derived in this manner
were also derived by direct sequencing of the PCR ampli-
con. No differences were seen between sequences de-
rived by these two methods. Subsequently, all viral se-
guences were determined by direct sequencing of ampli-
cons, due to cost and time savings associated with this
methad. All direct sequencing reactions were run in du-
plicate. Before sequencing, amplicons and plasmids
were partially purified by column chromatography or by
centrifugation through microcencentrators. Sequences
were determined by the Sanger method or by cycle se-
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Fia. 1. Alignment of the 5' UTR from BVDV isolates associated with hemorrhagic syndrome {HS3} with the 5° UTR from published pestivirus
sequences. The region of the 5 UTR corresponding to BYDV-NADL base position 188 through 383 was amplified and sequenced from BVDV
isolates associated with HS. These sequences were aligned with the equivalent published sequences from BVDV-NADL (Coliett et af, 1988), BVDV-
SD-1 {Deng and Brock, 1992), HCV-Alfort (Meyer et al, 1989), HCV-Brescia (Moormann et al, 1990}, An example of these comparisons, using 4
BYDYV isolates {890, AZ sp), Mad spl, MN fetus), is shown. Al sequences are represented in comparison © BYDV-NADL. Bases are shown for
nonmatches to the BYDV-NADL sequence. The percentage homology to BVDV-NADL is as follows; 94% BVDV-SD-1, 77% 890, 77% AZ Spl, 77% Mad

Spl, 77% Mn fetus, 73% HCV-Alfort, 75% HCV-Brascia.

quencing, as adapted for automated sequencing per the
manufacturer's instruction. All sequences were con-
firmed by sequencing both strands.

Antigenic characterization of BVDV

Comparison of BVDV at the antigenic level was done
using a monocional antibody (Mab} binding assay. The
29 Mabs used possessed viral neutralizing activity and
reacted with BVD viral glycoprotein gp53 [also referred
to as E2 {Thiel et a/, 1991} and E1 {van Rijn et a/, 1993)].
Mabs were prepared and characterized as described
earlier {Bolin et al, 1988). Mab birding was assessed
by indirect immunoperoxidase staining of infected cell
monolayers {Belin et a/, 1991b). Radioimmunoprecipita-
tion {RIP) profiles of BVDV isolates were generated, as
described previously (Ridpath and Bolin, 1990}, using
hyperimmune bovine serum. As a control, uninfected *S-
labeled cell lysates were also immunoprecipitated with
the hyperimmune serum.

RESULTS

Characterization of BVDV associated with
hemorrhagic syndrome

We initially examined BVDV isolated from outbreaks
of hemorrhagic syndrome (HS). HS results from an acute,
uncomplicated infection of cattle with BVDV and is char-
acterized by leukopenia, fever, diarrhea, thrombocyto-
penia, hemorrhaging, and death (Corapi et &/, 1989,
1990, Rebhun et 8/, 1989; Bolin and Ridpath, 1892}, Upon

analysis it was apparent that genomic seguences from
the 5’ UTR (Fig. 1} of BVDV isclates associated with
outbreaks of HS were clearly distinct from published se-
quences of BVDV (Collett et &/, 1988; Deng and Brock,
1992) or HCV (Meyer et al,, 1989; Moormann et &/, 1980).
The aligned seguence identities in the 5’ UTR, among
BVDV isolates associated with outbreaks of HS, were
90% or greater. However, the aligned seguence identities
between BVDV associated with HS and published se-
quences of BYDV or HCV were less than 70%.

Similar relationships were cbserved among predicted
amino acid sequences from the region of the genome
coding for the p125 viral polypeptide (Fig. 2). Once again,
BVDV isolates associated with HS outbreaks were more
similar to each other than they were to BVDV or HCV
isolates previously characterized in the literature,

Phylogenic analysis of BVDV

For phylogenic analysis, a portion of 5" UTR, corre-
sponding to BVDV-NADL base positions 188 to 383, was
amplified and sequenced from 44 BVDV isolates. For
this analysis we also included sequences from two HCV
(Meyer et al, 1989; Moormann et &/, 1990) and two BDV
{Berry et af, 1992). Phylogenic analysis grouped these
pestiviruses into three separate branches (Fig. 3). The
sequence similarity among viruses on the same branch
was 88% or greater. The sequence similarity between
viruses from different branches was 70% or less. One
branch {branch 2, Fig. 3} consisted of the two HCV iso-
lates. The 44 BVDV isolates were segregated into two



SEGREGATION OF BVDV INTO GENOTYPES 69
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FiG. 2. Alignment of predicted amino acid sequences, from the region of the genome coding for the p1256 viral polypeptide, derived from genomic
sequences of BVDV isolates associated with hemorrhagic syndrome (HS) with the equivalent predicted amino acid sequences derived from published
pestivirus sequences. A portion of the genomic region coding for p125, (corresponding to BYDV-NADL base positions 6902 through 7869) was
amplified and sequenced from BVDV isolates associated with HS. The predicted amino acid sequence was generated from these genomic seguences
and aligned with the eguivalent predicted amino acid sequences generated from published sequences of BVDV-NADL (Cellett et &/, 1988), BVDV-
SD-1 (Deng and Brock, 1992), HCV-Alfort (Meyer et al, 1989), and KCV-Brescia {(Moormann et af, 199C). An example of these comparisons, using
four BVDV isclates (890, AZ sph, Mad spl, MN fetus), is shown, Al sequences are represented in comparison to BVDV-NADL. Amino acids are
shown for nonmatches to the BVDV-NADL sequence. The percentage homology to BVDV-NADL is as follows: 97% BYDV-SD-1, 81% 890, 84% AZ

sol, 82% Mad spl, B3% Mn fetus, B0% HCV-Alfort, B0% HCV-Brescia.

different branches. Of the two branches containing BVDV
isolates, one branch (branch 1, Fig. 3) contained many
of the BVDV isolates commonly used in BVDV research
{e.g., BVDV-NADL, BVDV-Singer, BVDV-C24V, BVDV-NY-
1). The other branch {branch 3, Fig. 3) contained all the
viruses that were associated with HS. In addition, this
branch also contained BVDV isolates from persistently
infected animals born to dams that had been vaccinated
against BVDV, BVDV isolates from fetal bovine serum,
and the two BDV isolates. For the remainder of this report
we shall refer to the BVDV isolates from the branch con-
taining BVDV-NADL and related viruses (branch 1, Fig.
3) as BVDV |. The viruses from the branch containing
BVDV associated with HS and related viruses {branch 3,
Fig. 3} will be referred to as BVDV L,

As stated above, BVDV Il isolates and BDV isolates
were segregated 1o the same branch on the phylogenstic
tree (Fig. 3). While similarities were found in the 56" UTR,
BDV isolates were distinct from BVDV |l by Mab binding,
PCR amplification, and growth characteristics in ovine-
and bovine-derived cells {Ridpath et a/, 1992). Further,

we have inoculated sheep with BVDV associated with
outbreaks of HS and have nat observed any clinical signs
of disease. Similarly, calves inoculated with BDV did not
show signs of disease.

Characterization of BVDV Il

The Mab binding patterns were determined for the
viral isolates included in the phylogenetic analysis. The
Mab binding patterns were highly similar among BVDV
Il isolates (Table 2j, while the Mab binding patterns of
the BVDV | isolates were more heterogeneous. it should
be noted, however, that the Mabs used in this study were
prepared against BVDV | isolates. The Mabs that reacted
with BVDV 1l isolates likely bind epitopes that are con-
served between BVDV | and [ isolates. The consistent
Mab binding pattern observed among BVDVY |l isolates
may be more a function of the high conservation of a
few epitopes between BVDV | and BVDV Il isolates than
a result of marked antigenic similarity among BVDV [
isolates.

We observed differences in biotype and viral polypep-
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tides among BVDV |l isolates that suggested that these
viruses are heterogeneous, A marked variation was seen
in the size of the gph3 polypeptide among BVDY Il iso-
lates (Fig. 4). Variation in the size of the gp53 polypeptide
has also been observed among BVDV | isolates (Donis
and Dubovi, 1987, Ridpath and Bolin, 1990).

Similar to BVDV | isolates (Lee and Gillespie, 1957,
Gillespie et g/, 1860, 1962), we identified cytopathic and
noncytopathic BYDV Il isolates based on their ability 10
induce cytopathic effect in cultured cells. Like cytopathic
BVDV { isolates {Donis and Dubovi, 1987), cytopathic
BVDV Il isolates produce a polypeptide in the 80-kDa
size range {Fig. 4a) nct observed with the noncytopathic
BVDV Il isclates (Fig. 4b). The band seen in the 80-kDa
range in RIPs of cytopathic BVDV |! had a slightly slower
mobility than the band observed in RiPs of cytopathic
BVDV | (Fig. 4a).

Differentiation of BVDV Il isolates from BVDV |
isolates

We designed two PCR tests, based on conserved re-
gions in the BVDV genome, to differentiate between
BVDV | and BVDV Il isolates. The first test was a nested
PCR reaction that amplified sequences from the 5" UTR.
The first-round primers {(set A, Table 1) were used in an
earlier study to differentiate 8VDV from other pestivi-
ruses. These primers amplified sequences from all BVDV
isolates tested (Ridpath et o/, 1993). The second-round
primers (set B, Table 1) selectively amplified BVDV Il but
not BYDV i sequences. A second PCR test was based
on ampiification of sequences from the region of the
genome coding for the p126 polypeptide. Primer set C
(Table 1) selectively amplified sequences within this re-
gion from BVDV Il isolates but not BVDV | isolates. We
analyzed 140 BVDV ! isolates using these two PCR tests.
Of these viruses, 76 were identified as BVDV |l isolates
{Table 3).

We also determined the Mab binding patterns for the
140 isolates listed in Table 3. All BVDV identified as BVDV
Il isolates by PCR (n = 76) had Mab binding patterns
that were highly similar to those isolates segregated into
branch 3 in the phylogenetic tree shown in Fig. 3. Viruses
{n = 64) identified as BVDV | had variable Mab binding
patierns, The viruses identified as BYDV il were isolated
predominantly from persistently infected animals born to

FiG. 3. Phyiogenic analysis of BVDV. A portion of the 68" UTR, corre-
sponding to BVDV-NADL. base positions 188 through 383, was amplified
and sequenced from 44 isclates of BVDV. Phylogenic analysis of these
44 sequences was then done using an unweighted pair group methed.
The length of the horizontal lines connecting one sequence to another
is proportional t0 the estimated genetic distance between the se-
quences. The phyiogenic tree was constructed by doing a pairwise
position by position comparison of ail sequences, followed by cluster-
ing the sequences by similarity. Scores were calculated by dividing
the nurber of mismatches by the length of the shorted sequence.
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TABLE 2

Mag AnALYSIS OF BVDV 1 anD BVD |l ISOLATES

15-068/b11

NADL
BB
88055
Singer
150-68
23776
C24v
1583
11957
15488
VM
454nc
ED-07
ED-06
ED-26
ED-24
15-265
15-262
SSDN
a7

CA-1
N-2
CA-3
CA-34

CA-36

CA-39
CA-T2
CA-T8
CA-80
CA-82

BZ-1

AZ spin #2

Sanders
Pkr

Hlc/fast
21850
2110nc
Ili-nc
NY-1
Aubum
Wisc A
Madspl
Sillk
Mn fews
92-8116
Shont
890
bb136
3797
120
3659
7937
3237

TGAN

BZ-2

BZ-3

BZ-4

BZ-14
BZ-15
BZ-19
BZ-1
BZ-24
BZ-25
BZ-26
BZ-9
BZ-30
BZ-32
BZ-33
BZ-34
BZ-35
BZ-38
BZ-46

Note. Mabs listed on lsft. BYDV isclates lisied across top. A dark square (l) indicates binding.

dams that had been vaccinated against BYDV, outbreaks
of hemorrhagic syndrame, or from fetal bovine serum.

DISCUSSION

Our results indicate BVDV can be segregated into two
subgroups —termed BVDV | and BVDV Il Phylogenic
analysis, based on comparison of sequences from the
5" UTR, suggests that BVDV |l are as distinct from BVDV
| as they are from HCV. The differences found between
BVDV | and BVDV Il in the 8’ UTR ara greater than those
observed among the putative genotypes of hepatitis C
virus (Bukh et a/, 1992; Cha ef af, 1992. Simmonds et
al, 1893). Thus by criteria used to subgroup hepatitis C
virus, BVDV | and BVDV |l represent different genotypes
of BVDV.

Antigenic dissimilarity between BVDV | and BVDV Il is
suggested by the failure of most of the Mabs, prepared
against the gp53 polypeptide of several BYDV |, to bind
BVDV II. Several of the viruses identified as BVDV |l were
isolated from persistently infected animals born to dams
that had been vaccinated against BVOV. We reported
the isolation and partial characterization of ane of these

isolates in an earlier study (Bolin et a/, 1991a). This virus,
characterized in this report as a BVDV |l, escaped neu-
tralization by antibedies raised by vaccination with a vi-
rus identified as a BVDV i. The failure of antibodies,
raised against a BVDV | virus, to protect against infection
with a BVDV |l has practical significance in vaccine de-
velopment and control of BVDV, Further studies are now
underway in our laboratory 10 examine cross-protection
between BVDV | and Type Ii viruses and evaluate
the efficacy of vaccines containing both BVDY | and
BVDV |I,

The grouping of BVDV Il with BDV isolates, by phylo-
genic analysis, is intriguing. The definition of the caus-
ative agent of border disease is ambigucus. There is
some question whether BDV exists as a separate group
within the genus Pestivirus or is a variant of BVDV
adapted to growth in ovine hosts, Some groups have
reported that BDV and BVDV isolates can be clearly dis-
tinguished by Mab binding (Edwards et al., 1988; Shan-
non et al., 1991; Becher et al, 1994}, while others using
the same type of analysis have concluded that they are
indistinguishable (Cay et al, 1989). In comparison stud-
ies of the 8" UTR of pestiviruses, Berry et &/ (1992) and
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Fia. 4. Radioimmunoprecipitation of viral polypeptides from cytopathic and noncytopathic BVDVY 1. Examples of radiolabeled viral polypeptides
produced by cytopathic (A} and noncytopathic (B) BVDV Il and precipitated using polyclonal antisera prepared against BVDV are shown. The BVDY
1 viruses BVDV-Singer and BVDV-NADL are included on A for purposes of comparison. The identity of the band corresponding to the gpb3 polypeptide
was eslablished using a Mab specific for the gp53 pelypeptide. Viral polypeptides were separated on 3 12.5% polyacrylamide gel with a 5% stacking
gel.

De Moerlooze ef al (1993) concluded that BVDV and Mab binding, and host cell preference. Characterization
BDV are distinct viruses, both equally distinct from HCV. of a larger number of BDV isclates will be necessary 10
Based on comparison of sequences coding for structural develop a clear definition of BDV and to establish criteria
polypeptides, Becher et al. (1894) concluded that two by which they can be differentiated from other pestivi-
types of pestiviruses may be isolated from sheep; those ruses. Once the characteristics of BDV isolates are
that are similar to BVDV and those that are more similar clearly defined, the practical significance of their similar-
to HCV than BVDV but clearly distinct from both. Studies ity to BvDV |l isolates in the 5" UTR can be assessed.

in our laboratory have shown that BVDV i isolates can Of the 140 BVDV examined 76 (54%) were character-
be differentiated from BDV isclates by hybridization, PCR, ized as BVDV |l isolates. This percentage may not be an

TABLE 3

SEGREGATION OF BVDV PCR BASED ON AMPLIFICATION OF SEQUENCES FROM THE 5'UTR AND THE REGION CODING VIRAL POLYPEPTIDE p125

BVDV ! BVDV Il
{n = 64) {n = 76}
Laberatory reference virus Fetal bovine serum
TGAC, NADL, Singer, NY-1, NEB, AUB, C24V, 7443 82083, 88084, 88056, 88001, BBO0Z, BB0E2, 8B060, 83050
Fetal bovine serum Hsmorrhagic syndrome
15-260, 1942-8, 16-558, 15-735, 16-828, 15-8209, 15-262, 890, CD-87, CD-89, C-10, C-21, §5253, C-31, C-9, SL-1, SHI-3, SHI-5,
88055, 15-266, 15-068/G2 SHI-g, C-8, Cali-1, C-7, C-3, C-71, C-11, C-6, C-19, C-12, C-15, C-2,
Other C-4, 6252, SL-2, AZ-2, 793, MAD Spl A, MN fetus, Wisc A, Park
San, A11, 2110C, 9675, 1683-B1, Emm, Qli-HS, Ba!, Vaccine escapas
BurtC, SSDN, 11957, 5960, 9763, Kad, VM, iLL-NC, Pur/A-11, 3590, 2541, 3659, 1831, 3237, 2251, 1826, 120C, 890962, 133
ON-G7, TGAN, 1185-C, 83-7477-C, 23778/C1, 87, ED- Other
12, ED-26, ED-15, ED-22, ED-32, ED-6, ED-7, ED-25, £D-16, ED-17, ED-33, ED-5, ED-1, ED-3, ED-10, ED-14, ED-30, ED-4,
EC-20, BB, Manz-C, MCT-C, NZC, 1185NC, ILLC, ED-9, ED-31, ED-11, ED-18, ED-27, ED-13, ED-19, ED-23, ED-2,
130C, 826676C, WVA, 9676, 88PC, 211CNC, 639, ED-28, 93-13628, Short, 92-8116, 277, 28508-5

SNC, C454, ED-24
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accurate representation of the ratio of BVDV Il to BVDV
[ {solates in nature. The BVDV isolates included in this
survey represent reference viruses, isolations from dis-
sase outbreaks, and igolation from fetal calf serum sent
to the National Animal Disease Center for tasting. It has
been our experience that acute, uncomplicated infec-
ticns with BVDV | isolates are usually associated with
mild or subclinical disease. Because we do not often
receive viruses that cause mild or subclinical disease in
cattle, these viruses may be underrepresented in our
collection.

While a correlation between the BVDV Il genotype and
vaccine escape or increased virulence cannot be estab-
lished by this data, it does appear that BVDV |l isolates
merit further study. Much of the published BVDV re-
search, especially at the molecular level, has been done
on BVDV | isolates (Collett et af., 1988; Deng and Brock,
1992; Qi et &/, 1992, De Moeriooze ef al, 1993). Future
research in our laboratory will involve sequencing the
complete genome of a BVDV |l, examination of the ge-
nomes of cytopathic BVDV ) isolates for insertions, and
production of Mabs against BVDV Il isclates.
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